INTRODUCTION
Chondrocytes metabolize glucose primarily through glycolysis [1] , a finding consistent with the low 02 consumption ofcartilage in comparison with other tissues [2] . However, chondrocytes contain mitochondria [3] and possess active mitochondrial oxidative enzymes [4] . Thus aerobic processes may also occur.
The Swarm rat chondrosarcoma contains welldifferentiated chondrocytes and has been used widely to study proteoglycan synthesis [5, 6] . Primary confluent cultures of the chondrocytes can be maintained in medium containing glucose [5] and acidify the medium overnight, suggesting that they produce large amounts of lactate (R. M. Mason, unpublished work). However, they also contain mitochondria [7, 8] . We have used explants of the tumour to investigate its metabolism of potential energy substrates and the dependency of proteoglycan synthesis on this metabolism. MATERIALS 
AND METHODS
Tumours were removed (between 10:00 and 1 1:00 h) from animals 5 weeks after passage and experiments were started immediately thereafter. A suspension of sieved chondrosarcoma tissue in Hanks Balanced Salts solution was prepared [9] . After being washed in Hanks Balanced Salts solution the tissue suspension was washed three times in Krebs-Ringer bicarbonate buffer, pH 7.4, equilibrated with 02/C02 (19: 1) , and maintained at 37°C in Krebs-Ringer bicarbonate buffer (1: 3, w/v).
Freshly prepared chondrosarcoma suspension (approx. 100 mg dry wt.) was incubated in 2 ml of Krebs-Ringer bicarbonate buffer, pH 7.4, containing 10 munits of insulin/ml, 1.2 mM-MgSO4 and substrates as appropriate in the peripheral compartment of sealed 25 ml glass flasks fitted with a central well and equilibrated in 02/C02 (19: 1). Flasks were shaken continuously (120 strokes/min) and incubated at 37 'C. After termination of the incubation by the addition of 0.2 ml of 60 00 (w/v) HC104, '4CO2 production was determined by entrapment in Hyamine 10-X hydrochloride solution over 1 h at 37 'C [10] , or at 0-4 'C when pyruvate, glutamine, glutamate or NH3 was to be assayed. The KOH-neutralized HC104 tissue extracts were assayed by published methods for alanine [11] , ammonia [12] , aspartate and asparagine [13] , glutamate [14] , lactate [15] , malate [16] , pyruvate [17] and glycogen [10] .
For adenine nucleotide determinations, incubations were carried out in 2 ml plastic Eppendorf tubes and terminated by freezing the tissue in liquid N2 after a 30 s spin at 10000 g and removal of the supernatant. The frozen tissue was extracted with 600 (w/v) HC104 in a microhomogenizer system (Biomedix, Pinner, Middx., U.K.) [18] . After neutralization, nucleotides were measured spectrophotometrically (254 nm) after separation on a Whatman Partisphere-SAX anion-exchange h.p.l.c. column by using a 50 min gradient of KH2PO4 from 0.1 M to 0.6 M. Quantitative determination was achieved by calibration with standards. Glutamate production in the presence of glutamine was independent of glutamine concentration over the range 2.5-10 mm and therefore the deduced reaction stoichiometry can be extrapolated to apply at 10 mM-glutamine. Rate [19] , rat mesenteric lymphocytes [20] and rat colonocytes [21] . Hanson [20] .
The rates of metabolism of both glucose and glutamine by chondrosarcoma are comparable with those in some other rapidly dividing cell types (Table 2 ). In contrast with these isolated cells, chondrosarcoma tissue is composed largely of extracellular matrix with approx. 3000 of its dry weight accounted for by collagen and chondroitin sulphate alone [9] . Therefore Intermediary metabolism in the Swarm chondrosarcoma chondrocyte [23] . Secondly, they are chondrocytes and have a mandatory requirement for glutamine in the synthesis of glycosaminoglycans, major extracellular matrix components of cartilage and chondrosarcoma [24] .
Adenine nucleotide concentrations in chondrosarcoma tissue
An energy substrate must have the capacity to maintain intracellular ATP concentrations, at least under basal conditions. Thus we investigated whether glutamine has this capacity in the chondrosarcoma. Adenine nucleotides were measured by h.p.l.c. The concentrations (Table 3) are approximately one-tenth those in liver [25] , but the actual intracellular concentrations are presumably substantially higher, given that the extracellular matrix accounts for at least 30 0 of the total chondrosarcoma on a weight basis.
In the presence of both glucose and glutamine, the concentrations of ATP and total nucleotides were maintained over a 2 h incubation period ( Table 3) . The [ATP]/[AMP] ratio decreased only marginally during this time. In the absence of glucose, the ATP and total nucleotide concentrations decreased significantly over 2 h, as did the [ATP]/[AMP] ratio, irrespective of whether glutamine was present. Thus the utilization of glutamine alone does not provide sufficient ATP to sustain the energy status of the chondrosarcoma. This might imply that the major role of glutamine utilization in the chondrosarcoma chondrocytes is in the generation of UDP-N-acetylhexosamines for glycosaminoglycan synthesis, although this explanation fails to account for the release of NH3 and the increase in 02 consumption produced by glutamine. Therefore we investigated whether the high level of utilization of glutamine corresponds to a high rate of glycosaminoglycan synthesis by the tumour. Glycosaminoglycan synthesis by chondrosarcoma chondrocytes With glucose as the sole exogenous substrate, the basal rate of glycosaminoglycan synthesis by chondrosarcoma chondrocytes was increased (Table 4) . Glutamine stimulated glycosaminoglycan synthesis to a small extent, but in the presence of both substrates the rate of synthesis was potentiated. This is presumably due to the generation of ATP from glucose accompanied by the provision of precursors from glutamine. Glutamine could be replaced by glucosamine, which is an alternative precursor of UDP-N-acetylhexosamines in glycosaminoglycan synthesis but is not an energy substrate. This demonstrates that, although the cells have the capacity for glutamine utilization, there is no mandatory requirement for it in glycosaminoglycan synthesis, other than as an amide donor in hexosamine synthesis.
The glycosaminoglycans synthesized by the chondrosarcoma are chondroitin 4-sulphate and a small amount of chondroitin 6-sulphate [26] , each composed of the repeating disaccharide unit D-glucuronic acid-Nacetyl-D-galactosamine 0-sulphate. Thus for each mol of sulphate incorporated into these glycosaminoglycans 1 mol of glutamine would be utilized in generating the hexosamine moiety. The rate of glycosaminoglycan synthesis (Table 4) Vol. 265 [22] .
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